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® Process and machine for tine transformation of combustible pollutants or waste materials into 
clean energy and utiiisable products. 



® A process for the transformation of combustible 
pollutants or waste materials into clean energy and 
utiiisable products, characterised by: 

- submitting the material to be treated to the action 
of a thermic lance in an airless atmosphere so as to 
totally decompose it and extract combustible gases, 
non-combustible gases and inerts, 

- cooling the thermally decomposed products and 
separating the inert products with water, thus gen- 
erating steam, 

* introducing the steam and said cooled gases onto 
a heated carbonaceous mass In order to filter the 
gases and, in part, transform ttiem to obtain hy- 
drogen, carbon monoxide and other totally utiiisable 
I gaseous products, and 
cooling said gaseous products. 
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This invention relates to a process and a ma- 
chine for the transformation of combustible pollu- 
tants or waste materials into clean energy and 
utilisable products. 

It is known to carry out the thermodecom- 
position of combustible pollutants, such as urban or 
industrial waste materials, by oxydising such 
wastes In controlled conditions of temperature and 
excess of air and to use the elevated heat devel- 
oped by the fumes to produce both thermic and 
electric energy. 

However, this well known technique of waste 
disposal with energy regeneration Is only modestly 
efficient and causes dangerous emissions of harm- 
ful substances and micro-pollutants. 

The aim of the Invention Is to eliminate this 
drawback and carry out a transformation of com- 
bustible pollutants or waste materials with total 
energy regeneration, obtaining clean energy and^ 
utilisable products for the benefit of the individual, 
society at large and the environment. 

A further aim of the invention is to carry out the 
disposal of urban, industrial and agricultural waste 
aggregates of all types, partlculariy solid waste 
materials, black liquor sludge, combustible pollu- 
tants etc.. 

A further aim of the invention is to carry out the 
disposal of wastes and combustible pollutants with 
a machine that allows a rapid recovery of its con- 
struction costs. 

A further aim of the invention is to dispose of 
waste materials obtaining products that are com- 
pletely utilisable in industry, the construction busi- 
ness, agriculture etc.. 

These aims and others that result hereinafter 
are achieved, according to the invention, by a 
process for the transformation of combustible pollu- 
tants or waste materials Into clean energy and 
Vitilisable products, characterised by: 

- submitting the material to be treated to the action 
of a thermic lance in an airless atmosphere so as 
to totally decompose It and extract combustible 
gases, non-combustibfe gases and inerts, 

- cooling the thermally decomposed products and 
separating of the inert products with water, thus 
generating steam, 

- introducing the steam and said cooled gases onto 
a heated carbonaceous mass in order to filter the 
gases and, in part, transform them to obtain hy- 
drogen, carbon monoxkie and other totally utilisa- 
ble gaseous products, and 

- cooling said gaseous products. 

To carry out this process, the invention com- 
prises a machine comprising: 

- a thermic lance disgregator operating In absence 
of air the complete decomposition of the material 
to be treated so as to extract combustible gases, 
non-combustible gases and inerts , 



- a water separator to separate the gases from the 
accompanying inerts and to generate steam. 

- a filter-thermoreactor containing a carbonaceous 
mass and connected to said disgregator and to 

5 said separator to filter the gaseous products com- 
ing from these and transform them completely Into 
hydrogen, carbon monoxide and other totally 
utilisable gaseous products, and 

- a refrigerator for said gaseous products. 

10 The invention Is herebelow further clarified with 

reference to the enclosed drawings, in which 

fig. 1 shows a block diagram of the process 
according to the invention, 

fig. 2 schematically shows a machine im- 
75 plementing the process, 

fig.3 gives a general view of a plant using 
the machine according to the Invention, and 

fig. 4 shows an enlarget view of a detail of 

fig. 3. 

20 As can be seen in fig. 1, the process according 

to the invention foresees to introduce the material 
to be treated into a disgregator 1, where such 
material is submitted to the action of an ox- 
yhydrogen flame 2 which causes total thermal de- 

25 composition so as to extract combustible gases, 
non-combustible gases and inerts. 

From the disgregator 1, essentially, a mixture 
of carbon dioxide, hydrogen, carbon monoxide, 
steam and waste fluid issue. The whole is allowed 

30 to fall into a mass of water 3, that cools the fluid 
transforming it into inert solids, and is as the same 
time heated, thus generating steam. 

The inert solids are removed for various uses 
(eg In the construction industry) while the gases 

35 mixed with the steam enter a filter-thermoreactor 4 
containing carbonaceous material. 

Here the carbon reacts with the steam to form 
carbon monoxide and hydrogen and to depurate 
and transform other gases. Since carbon reacts 

40 endothermically, the amount of heat needed for 
endothermically, the amount of heat needed for 
reaction comes from the disgregator 1 . 

From the filter-thermoreactor 4 hydrogen, car- 
bon monoxide and other totally utilisable gaseous 

46 products issue. 

These gases are then cooled by heat exchange 
and. after purification and steam enrichment are 
introduced into a converter 39 where the carbon 
monoxide and steam, in the presence of a suitable 

50 catalyst, are converted into carbon dioxide and 
hydrogen, cooiing down to about 200* C. 

The carbon dioxide then solidifies by cooling to 
-70* C while the hydrogen, passing through a filter 
49, may be utilised in fuel ceils for the production 

55 of electric energy. 

When other catalysts are used in the converter 
39. it is possible to convert the carbon monoxide 
and hydrogen into methane or to unite hydrogen 
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and nitrogen to obtain ammonia. ' 

Such a process may be successfully carried 
out by using the machine schematicaily show in 
figs 2 and 3. 

As these figures show, the machine according 
to the invention consists of a disgregator 1, with an 
oxyhydrogen flame 2. connected by a pipe 
(breaking down, sorting, drying etc.) of the wastes. 

Part of the aboye pipe 6 runs between two 
mercury valves 7,8. 

These valves have a cylindrical casting 9, on 
top of which is a hydraulic piston 10 to operate a 
"lid" 11 closing device in the exit pipe 12.12'. 

The sealing "lid" 11 is partially immersed in 
the mercury 13 contained in an interspace 14 con- 
nected to an expansion chamber 15. 
The entry pipe 6 has an inclined gate 16 operated 
by a hydraulic piston 17. and on top there is an 
overhang 18 which, during opening, serves to pro- 
tect the corresponding interspace 14. 

The part of the pipe 12 between the two mer- 
cury valves 7,8 has in its upper part an air as- 
piratory pump 19 , and an aspiratory pump 19 
connected to the interior of the disgregator 1 by a 
pipe 19". 

Below the second mercury valve 8 the pipe 12' 
branches off to enter the flame disgregator 1 . 

This disgregator 1 is made of fireproof material 
and has a basically arched shape. Its arched cover- 
ing 20 sustains a plurality of hydraulic pistons 21, 
which actuate a toroidal pusher 22. inside the disg- 
regator 1 . and a thermic lance 23. 

The pusher 22 runs coaxially along the lance 
23. the terminal part of which Is positioned in 
correspondence to an internal annular neck 24 of 
the disgregator 1. 

The bottom 25 of the disgregator 1. slightly 
convex so as to retain a certain amount of liquid 
material, has a central opening 26 for the passage 
of the products formed by the decomposition and 
has an internal coil 27 connected to a heat ex- 
changer (not shown in the drawings). 

The disgregator 1 is placed inside the substan- 
tially cylindrically shaped filter-thermoreactor 4 
containing carbon. 

To carry out its filling, the filter-thenmoreactor 4 
has an external pipe 28 with, at its extremity, two 
mercury valves identical to the valves 7.8 already 
mentioned. 

The filter-thermoreactor 4 is placed coaxially 
inside a refrigerator 29 of analogous shape, where 
there are two coaxial water films 30.31, generated 
by two circular openings on the covering 32 of the 
refrigerator 29. 

The covering 32 has two- concentric annular 
walls 33,34 to contain water and to condense the 
steam which comes, through a perimetraJ inter- 
space 35 of said refrigerator 29. from the tank 3 full 
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of water situated at the bottom of the said concen- 
tric stnjctures. 

The tank 3 has a coil 36 connected to a heat 
exchanger (not shown in the drawings). A conveyor 
5 belt 37 allows to remove from the machine the 
materiai deposited at the bottom of the tank 3. 

The exit point of this conveyor belt 37 is 
placed between two mercury valves identical to 
those already mentioned. 
10 A pipe 38 on the bottom of the refrigerator 29 

connects it to a converter 39 realised in several 
concentric sections 40. each of which containing a 
different catalyst, according to which gas is to be 
obtained at exit. The sections 40 have water injec- 
75 tors (not shown in the drawings) and filling devices 
.41 for their connection to the loading pipe 28. 

The sections 40 of the converter 39 also have, 
at their base, devices 42 for unloading. 

The converter 39 is connected by a pipe 43 to 
20. a freezer 44 cooled by a coil 45 connected to a 
conventional heat pump, not shown in the draw- 
ings, and equipped at Its base by pushers 46 to 
unload along a chute 47 the ice and waste materi- 
als of the reactions. 
25 A belt" 48 at the bottom end of the chute 47 

carries the ice from the chute 47 outside the ma- 
chine. 

The freezer 44 is connected to a self-cleaning 
hydrogen filter 49. in its turn connected to the 
30 exterior by a pipe 50 with a mercury valve 51 
identical to those already described. 

The whole Is contained inside a casing 52 filled 
with inert gases, such as carbon dioxide, so as to 
avoid infiltrations of air into the machine and guar- 
35 antee its safety. 

The operating of the machine according to the 
Invention is as follows: 

the opportunely treated, broken down, sorted and 
dried material is sent through the pipe 6 to the 

40 mercury valve 7. 

At pre-established intervals the hydraulic piston 
10 raises the lid 11, thus freeing the opening to the 
pipe 12 and thus allowing the mercury 13 that has 
overflowed into the chamber 15 to flow back Into 

46 the interspace 14. 

When the lid 11 has been completely raised, 
the inclined gate 16, worked by the hydraulic pis- 
ton 17, starts to drop. The overhand 18 at the top 
of the gate 16 closes tiiat part of tiie interspace 14 

so that could otherwise fill up with the material coming 
through the valve 7. 

When the desired amount of material has 
passed tiirough. the gate 16 recloses the pipe 6. 
while the lid 11 recuses the pipe 12. 

55 After these two phases, the pump 19' at the top of 
the pipe 12 is put into action to pump out any air 
Uiat has come through the valve 7 with the material 
to be treated. 

3 
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Once the vacuum is recreated in the pipe 12, 
the mercury vsdve 8 is opened with the same 
mechanism as for valve 7 and the material enters 
the disgregator 1 through the pipes ^2 . 

Any gases in the disgregator 1 may enter pipe 
1 2 when valve 8 Is opened, but they are pumped 
out and sent back inside the disgregator by the 
aspirating pump 19' through the pipe 19 . 

The material accumulated inside the disgrega- 
tor 1 is conveyed by the pusher 22 through the 
annular neck 24 which compresses it. 

In this phase the material comes into contact 
with the thenmic iance 23 cooling it. and acts as a 
plug for the underlying disgregation chamber 53. 

in this way, escape of gases from there is 
partially interdicted and the upper part of the disg- 
regator 1 is protected from the heat of the ox- 
yhydrogen flame 2 that reaches about 2000* C. 

The compressed material going through the 
neck 24. thanks to the particular shape of the 
oxyhydrogen flame 2 obtained by the inclination of 
the alimentary pipes, undergoes four decomposi- 
tions, the first at the flame head and the second, 
third and fourth at the tail, as shown in figure 2 by 
the broken line. 

A part of the material that 'decomposes, gath- 
ers at the base 13 of the disgregator 1 thus shield- 
ing it from direct contact with the flame. 

The liquid material and the gases through the 
neck 24, after further decomposition, fall into the 
tank 3 full of water maintained at a constant tem- 
perature by the coil 36. The solids that are depos- 
ited in the water 3 are removed by the conveyor 
belt 37 and unloaded outside. 
The water, cooling the products of the decomposi- 
tion, generates steam that mixes with the gases 
present carbon dioxide, carbon monoxide etc.. 
These gases, through a pipe 54 leading to the 
filter-thermoreactor 4. enter the latter which is filled 
witfi the carbonaceous mass through the pipe 28. 
In the filter-thermoreactor 4 the carbon of the car- 
bonaceous mass, thanks to the heat absorbed from 
the disgregator 1, reacts with the gases, thus pro- 
ducing carbon monoxide and hydrogen and further 
depurating the gases. 

The gases thus obtained pass through a pipe 
55 into the refrigerator 29. where they pass through 
the water films 30,31 cooling down, stabilising and 
further purifying themselves and balancing the 
H2O/CO ratio. 

The cooled and H2O enriched gases enter the 
converter 39 with the conversion columns with sev- 
eral catalyst layers, the first made up of FeaOa- 
CraOa and the second and third of Cu-ZnO-AIaOa. 
In the first layer the exothermic reactions of con- 
version raise the temperature of the gases to 
450* C; before entering the second level, injections 
of water are effectuated to cool them down to 



180 C. 

In the second level the temperature of the 
gases rises to 250*0; an intermediate cooling by 
water injections brings the entry temperature to the 
5 third level down to 200 * C. 

The hydrogen enriched gases leave the last 
level at 220 *C and enter the freezer 44 which 
lowers their temperature to about -70* C. 

At entry to the freezer 44 the carbon dioxide. In 
70 the form of dry ice, is removed by the pushers 46 
at the base of the freezer itself. 
The pure hydrogen, the only residual gas, after 
passing through the self-deaning filter 49 and the 
mercury valve 51, is brought outside the machine 
IS to be used as best seems fit 

•The following example further clarifies the in- 
vention. 

Through the pipes 6.12 and 12', 780 Kg/h of urban 
and industrial wastes having the following elemen- 
20 tary composition are introduced into the disgrega- 
tor: 

Carbon 44.46% 

Hydrogen 9.89% 

Nitrogen 1.62% 
25 Oxigen 35.84% 

Sulphur 1.33% 

Chlorine 0.83% 

Others 6.03% 

The oxyhydrogen flame 2 that carrying the 
30 thenmodecomposition uses 526 Kg/h of O2 and 287 

Kg/h of water. 

The pure oxygen needed Is furnished by a 

special generating station outside the machine, 

while the hydrogen is fumished by the machine 
35 itself. 

At exit from the disgregator 1 after partial evap- 
oration of the water contained in the cooling tank 3 
there is a volume of 2598 Hxrfifh of gas at 1400*C 
having the following composition: 

40 CO 22.3% 

Hydrogen 44.4% 
CO2 2.3% 
H2O 29% 
Others traces 

45 65 Kg/h of inert solid wastes are deposited in 

the water tank 3. 

The thermodecomposition takes place totally 
without carbon black. 

The high internal ^mperature of the disgregator 1 
50 (2000*0) and of the fireproof materials allows a 

thermic recovery of 50.000 Kcal/h. 

2598 Nm^/h of gas enter the filter-thermoreactor 4 

through the pipe 54; the gases react with 238 Kg/h 

Coke, furnishing 3023 Nm^ /h of gas having the 
55 following composition: 

CO 32.8% 

Hydrogen 56.2% 

H2O 11% 



4 
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Others traces 

TTiese quantities of gas. before entering the 
converter 39 are stabilised and cooled from 800 *C 
to 380 *C. 

In the cooling process are used 607 Kg/h of water 
and 1098 Kg/h of steam to rebalance the H2O/CO 
ratio. 

The gas, 3467 Nm^ /h at a temperature of 380 *C 
enriched with water, enters the first layer of the 
converter 39 containing FejOa-CraOa with which it 
reacts exothermically raising its temperature to 
450' C. 

Before entering the second level containing 
Cu-ZnO-Al203 the gas is cooled by water to 
I80' C allowing a heat recovery of 512.000 Kcal/h. 

In the second level of catalysts the temperature 
of the gas rises to 250 'C; an internal cooling 
process, that allows a heat recovery of 94.000 
Kcal/h. brings the entry temperature to the third 
level to 200 * C. 

From the converter 39 issue 5145 Nm^/h at 
220* C having the following composition: 
Hydrogen 49.8 % 
CO 20 % 
H2O 28% 

The hydrogen enriched gases issue from the con- 
verter 39 at 220* C and enter the freezer 44 to be 
cooled down to -70 * C. 

2077 Kg/h of CO2 gather at the bottom of the 
freezer 44 in the form of Ice which Is removed by 
the conveyor belt 48. From the same freezer 44 
are also recovered 229 Kg/h of hydrogen of which 
66 Kg/h for the oxyhydrogen flame 2 of the disg- 
regator 1 and 163 Kg/h for extemail utilisation. For 
example, should this hydrogen be used in a fuel 
cell, it is possible to obtain a development of about 
2600 Kwh/h. 

From what has been said It is clear that the pro- 
cess according to the invention and the machine to 
carry out it offer several advantages, and in particu- 
lar: 

- high production of clean energy 

- total recovery of secondary materials 

- maximum safety 

- zero pollution 

- rapid recovery of construction costs 

- possibility to transform the machine into a non- 
polluting highly efficient propulsion system 

* use as a de-polluting machine. 



Claims 

1) A process for the transformation of combus- 
tible pollutants or waste materials into clean energy 
and utilisable products, characterised by: 
• submitting the material to be treated to the action 
of a thermic lance in an airless atmosphere so as 



to totally decompose it and extract combustible 
gases, non-combustible gases and inerts. 

- cooling the thermally decomposed products and 
separating the inert products with water, thus gen- 

5 erating steam, 

- introducing the steam and said cooled gases onto 
a heated carbonaceous mass in order to filter the 
gases and, in part, transform them to obtain hy- 
drogen, carbon monoxide and other totally utilisa- 

10 ble gaseous products, and 

- cooling said gaseous products. 

2} A process as claimed in claim 1 charac- 
terised in that the heat coming from the various 
cooling phases is used to pre-heat the material to 

75 be treated and bring it to the right level of humidity. 

3) A process as claimed in claim 1 charac- 
terised in that before submitting the material to be 
treated to the action of the thermic lance (23) the 
material is compressed. 

20 4) A process as claimed in claim 3 charac- 

terised In that the compression of the material to 
be treated is obtained by forcing the passage of 
said material through the entry aperture (24) to the 
decomposition chamber (53). 

25 5) A process as claimed in claim 1 charac- 

terised in that the thermic decomposition of the 
material to be treated is carried out by an ox- 
yhydrogen flame (2). 

6) A process as claimed in claim 5 charac- 
30 terised in that the material to be treated is passed 

several times through the oxyhydrogen flame (2). 

7) A process as claimed in claim 1 charac- 
terised in that during the thermo-decomposition of 
the material to be treated the covering at the bot- 

35 torn (25) of the decomposition chamber (53) Is 
protected by previously decomposed material. 

8) A process as claimed in claim 1 charac- 
terised in that the water used in the cooling pro- 
cess is superficially invested by the thermo-de- 

40 composed products to be cooled. 

9) A process as claimed in claim 1 charac- 
terised in that all the inert products are collected at 
a single zone. 

10) A process as claimed in claim 1 charac- 
45 terised in that the heat from the thermic lance (23) 

is recovered to transform gases from the thermic 
decomposition and separation phases of the inert 
products into combustible gases. 

11) A process as claimed in claim 1 charac- 
50 terised in tiiat the combustible gases are stabilised 

and purified by passing them through at least one 
water film (30,31). 

12) A process as claimed in claim 1 charac- 
terised in that the carbon monoxide is converted 

55 with steam into hydrogen and carbon monoxide in 
the presence of catalysts. 

13) . A process as claimed in claim 12 charac- 
terised in that Fe 0-Cr O is used as a catalyst. 
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14) A process on claim 12 characterised in that 
Cu*ZnO-AI 0 is used as a catalyst. 

15) A process as claimed in claim 12 charac- 
terised in that the carbon dioxide is frozen to obtain 

dry ice, 5 

16) A process as claimed in claim 12 charac- 
terised in that the hydrogen undergoes a purifying 
phase. 

17) A process as claimed in claim 12 charac- 
terised in that the hydrogen is used to power a fuel io 
cell. 

18) A machine to carry out the process accord- 
ing to one or more of the claims 1 to 17 charac- 
terised in it comprises: 

- a thermic lance disgregator (1) operating in ab- is 
sence of air the complete decomposition of the 
material to be treated so as to extract combustible 
gases, non-combustibfe gases and inerts, 

- a water separator (3) to separate the gases from 

the accompanying inerts and to generate steam. 20 

- a filter-thermoreactor (4) containing a carbona- 
ceous mass and connected to said disgregator (l) 
and to said separator (3) to filter the gaseous 
products coming from these and transform them 
completely into hydrogen, carbon monoxide and 2s 
other totally utillsabie gaseous products, and 

- a refrigerator (29) for said gaseous products. 

19) A machine as claimed in dalm 18 charac- 
terised in that the disgregator (1) has a covering of 
heatproof material, a lance (23) for an oxyhydrogen 30 
fiame (2) surrounded by the said heatproof material 

and a pusher (22) to push the material to be 
treated between the said covering and the said 
lance (23) in the direction of the said flame (2). 

20) A machine as claimed in claim 19 charac- 3S 
tensed In that the part (53) of the disgregator (1) 
around the oxyhydrogen flame (2) has vault-iiko 
shape with a superior opening (24) for the passage 

of said lance (23) and of an annular pusher (22) of 
said material. 4o 

21) A machine as claimed in claim 19 charac- 
terised in that the part (53) of the disgregator (1) 
around the oxyhydrogen flame (2) is delimitated by - 
a bottom (25) made of heatproof material with a 
conical shape for the gathering of decomposed 45 
material, this bottom (25) having a central opening 

(26) for the passage of said decomposed material. 

22) A machine as claimed in claim 18 charac- 
terised In that the separator (3) consists of a tank 
underiying said disgregator (1). 50 

23) A machine as claimed in claim 18 charac- 
terised in that the filter-thermoreactor (4) consists 
of a container of carlwnaceous material connected 
to said disgregator (1) and said separator (3). 

24) A machine as claimed In claim 23 charac- 55 
terised In that the filter-thermoreactor (4) is placed 
concentrically outside the disgregator (1) and both 

are connected to the underlying separator (3). 



25) A machine as claimed in claim 24 charac- 
terised in that the inlet pipe (28) of the carbona- 
ceous mass in the filter-thermoreactor (4) emerges 
in the area of the disgregator (1) influenced by the 
heat of the thermic lance (23). 

26) A machine as claimed in claims 21 and 23 
characterised in that the conical bottom (25) of the 
disgregator (1) and/or the bottom of the separator 
(3) are provided with devices for heat regulation 
(27. 36). 

27) A machine as claimed in claim 22 charac- 
terised in that the separator (3) is provided with 
devices (37) to extract the inert materials. 

28) A machine as claimed in claim 18 charac- 
terised in that the entry to the disgregator (1), the 
entry to the filter-thermoreactor (4) and the exit of 
the separator (3) have seal valves. 

29) A machine as claimed in claim 18 charac- 
terised In that the refrigerator (29) consists of two 
fluid film concentric cylinders (30.31). 

30) A machine as claimed In claims 24 and ^ 
characterised in that the two cylinders (30. 31) of 
the refrigerator (29) are placed coaxially outside the 
filter-thermoreactor (4). 
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